Outcome measures: Domains (domestic physical activity (PA), occupational PA, leisure-time PA, active transportation and sitting time) and intensities of PA (vigorous, moderate and walking) were measured with the Hausa IPAQ-LF on two different occasions, 8 days apart. Outcomes for construct validity were measured body mass index (BMI), systolic blood pressure (SBP) and diastolic blood pressure (DBP).
Results:
The Hausa IPAQ-LF demonstrated good test-retest reliability (intraclass correlation coefficient, ICC>75) for total PA (ICC=0.79, 95% CI 0.65 to 0.82), occupational PA (ICC=0.77, 95% CI 0.68 to 0.82), active transportation (ICC=0.82, 95% CI 0.75 to 0.87) and vigorous intensity activities (ICC=0.82, 95% CI 0.76 to 0.87). Reliability was substantially higher for total PA (ICC=0.80), occupational PA (ICC=0.78), leisure-time PA (ICC=0.75) and active transportation (ICC=0.80) in men than in women, but domestic PA (ICC=0.38) and sitting time (ICC=0.71) demonstrated more substantial reliability coefficients in women than in men. For the construct validity, domestic PA was significantly related mainly with SBP (r=−0.27) and DBP (r=−0.17), and leisure-time PA and total PA were significantly related only with SBP (r=−0.16) and BMI (r=−0.29), respectively. Similarly, moderate-intensity PA was mainly related with SBP (r=−0.16, p<0.05) and DBP (r=−0.21, p<0.01), but vigorous-intensity PA was only related with BMI (r=−0.11, p<0.05).
INTRODUCTION
The importance of physical activity (PA) for promoting health and preventing disease is well established. [1] [2] [3] However, for effective health promotion and PA surveillance and monitoring, it is important to have standardised, reliable and valid instruments that can be used to accurately describe population levels and patterns of PA within and across countries. 4 5 In this context, the international
Strengths and limitations of this study
▪ Systematic adaptation and tailoring of items was performed on the original International Physical Activity Questionnaire long form (IPAQ-LF) to reflect common physical activity (PA) behaviours of adults in Nigeria. ▪ This is the first study to describe the cultural adaptation and translations of the IPAQ-LF, and to explore its psychometric relevance in an African country. ▪ Findings establish evidence to support the feasibility of using a modified IPAQ-LF to reliably collect context specific PA behaviours of adults in the African region. ▪ Exploring construct validity through the relationships of PA with body mass index and resting blood pressure was an important limitation of this study. ▪ The use of a non-probability sampling technique may limit generalisability of findings to other samples of Nigerian adults with different characteristics from the study's sample.
physical activity questionnaire (IPAQ) was developed to obtain internationally comparable data on health-related PA of adults (18-65 years). 5 6 Two versions of the IPAQ that could be administered by interview or self-completed were developed. The short form (SF) was designed for population surveillance of PA; while the long form (LF) was designed to be appropriate for use in research that requires detailed information on different PA domains, including PA at work, household, during leisure and transportation and time spent in sedentary activities. 6 The initial evaluation of the IPAQ across 12 countries produced acceptable evidence of reliability and validity that are as good as other self-report measures of PA. 5 Consequently, in order to enhance the utility of IPAQ and to further evaluate its psychometrics worldwide, efforts have been made to translate and adapt the IPAQ in many other countries, but most of the research in this context were from developed Western countries. [7] [8] [9] [10] [11] [12] [13] [14] In Africa, the psychometric properties of IPAQ have only been tested in South Africa as part of the initial development process of the questionnaire, 5 and in older adults. 15 Since the largest increases and burden of non-communicable diseases (NCDs) are in low-income countries where the understanding of evidence-based strategies for increasing PA remains poor, [16] [17] [18] [19] improving PA research is a top priority for them. 20 However, to advance PA research in Africa, it is important to first develop or tailor standardised measures to be culturally sensitive to PA behaviours of people in the region's countries. Since Nigeria is the most populous country in Africa with culture and languages similar to most of the other West African countries, it is a good choice to evaluate the IPAQ for cultural and psychometric relevance in this country.
Recently, a cultural adaptation study of the IPAQ-SF was conducted among adults in Nigeria, 21 with good evidence of test-retest reliability similar to findings in some other studies. 10 22-24 However, because the IPAQ-SF is not domain specific and does not provide context-specific information on PA behaviour, it is important to evaluate the IPAQ-LF for relevance in Nigeria. Psychometric evaluation of a culturally modified version of the IPAQ-LF in sub-Saharan African countries can impact PA research and surveillance in the African region where the prevalence of inactivity related NCDs is on the increase. 20 25 The aim of the present study was to investigate the reliability and an aspect of validity of a modified version of the IPAQ-LF among adults in Nigeria.
METHODS

Participants
A purposive sample of 180 adults from eight neighbourhoods that varied in socioeconomic status and walkability in Maiduguri city were recruited for the study. The sampling and neighbourhood selection strategy have been described in detail elsewhere. 26 Maiduguri, with an estimated population of 749 123 people, is the capital and largest city of Borno State in North-Eastern Nigeria. 27 The city attracts immigrants from neighbouring countries of Cameroon, Niger and Chad Republic and the Hausa language is the common means of communication for commercial activities among the diverse inhabitants of Maiduguri. 27 28 Participants were eligible for this study if they were willing to self-complete a written survey twice in either Hausa or English language. However, researchers (UMB and STP) were in attendance to provide translation and interpretation assistance to participants (n=11) who required help to complete the survey. Additional eligibility criteria included living within the identified neighbourhood categories in the past 12 months, being adults (18-65 years) and not having any disability that prevented independent walking. All participants were fully informed of the study protocol and provided signed informed consent. The study protocol was approved by the Research and Ethics Committee of the University of Maiduguri Teaching Hospital, Maiduguri, Nigeria. Data were collected between March and May, 2012.
Measures
The adapted IPAQ-long Hausa version The cultural adaptation, translation and back translation of the Hausa version of IPAQ-LF is similar to that of the Hausa IPAQ-SF that has been described in detail elsewhere. 21 Briefly, interviews were conducted with public health experts, exercise scientists and local people, not highly educated, to identify the items and examples of PA on the original questionnaire that needed to be culturally adapted. Several cultural adaptations were made to the original items to reflect the reality in Nigeria. First, adjustments to English words such as 'vigorous' and 'moderate' activity, which can be misunderstood and not associated with PA behaviours in Nigeria, were replaced with words that are more representative of the language used in Nigeria, such as 'very hard' and 'hard', respectively. Second, examples of various intensities of activity that are common in the Nigerian culture were added, and those already on the questionnaire but not common in the Nigerian context were replaced with culturally applicable examples that are equivalent in energy intensity (metabolic energy turnovers, METs) with the original items and examples. Third, concepts such as PA and walking for transportation, which were misconstrued outside the health context, were refined to indicate they were referring to health behaviours.
After adaptation, the questionnaire was independently translated from English into Hausa by two native speakers of Hausa who also speak English, and who are able to read and write in both languages. One of the translators was familiar with the questionnaire and the second was an expert in Hausa. The translated questionnaires were mutually revised by the translators and the research team for consistency and then back translated into English by a third bilingual person who was familiar with the construct measured by IPAQ. The back translated version was checked by the research team for any discrepancies and to ensure that the construct measures by IPAQ had not been lost during the adaptation and translation process.
The modified questionnaire (available in Hausa and also English), hereafter referred to as the Hausa version of the long international physical activity questionnaire (Hausa IPAQ-LF), contains 31 questions that ask about PA in the past 7 days in terms of frequency (days/week) and duration (minutes/day) spent in four activity domains (transportation, occupation, domestic and leisure time), and included sections on walking, moderate-intensity and vigorous-intensity activities, and time spent in sedentary behaviour (sitting during leisure and motorised transportation). The Hausa IPAQ-LF data were presented as the MET-minute/week for total walking, moderate and vigorous intensity activity and overall PA across the four domains, and in each of the domains. The MET intensity values used to score the Hausa IPAQ-LF questions in this study were 8 METs for vigorous activity, 4 METs for moderate activity and 3.3 METs for walking. 2 6 One MET represents the energy expended while sitting quietly at rest and is equivalent to 3.5 mL/kg/min of VO 2 Max. 3 To assess the test-retest reliability of the Hausa IPAQ-LF, participants selfcompleted all items on the measure twice, with an interval of 1 week between administrations.
Anthropometrical and biological measurements
Body weight (to nearest 0.5 kg) and height (to nearest 0.1 cm) were measured in light clothing using a digital scale and stadiometer. Body mass index (BMI) was calculated as body weight divided by the square of height (kg/m 2 ). The principal cut-off points as recommended by WHO were used to create the categories: underweight (<18.5 kg/m 2 ), normal weight (18.5-<25 kg/m 2 ), overweight (25-<30 kg/m 2 ) and obese (>30 kg/m 2 ). 29 Resting blood pressure and heart rate were measured with a Digital Sphygmomanometer (Diagnostic Advanced Wrist Blood Pressure Monitor, Model 6016, USA). BMI and resting diastolic blood pressure (DBP) have previously been used for validating the IPAQ. 7 24 Similarly, for this study, construct validity was evaluated by investigating the relationship of outcomes from the Hausa IPAQ-LF with anthropometric (BMI) and biological (SBP and DBP) measurements, and also in part by comparing the differences in time spent in PA and sitting, across sociodemographic subgroups. These types of validation for PA measures have been referred as indirect or construct validity in previous studies. 7 24 30 Sociodemographic characteristics Information on age, gender, marital status, religion, income, educational level and employment status were elicited from the participants. Marital status was classified as married or not married. Educational level was classified as more than secondary school education, secondary school education and less than secondary school education. Employment status was classified into white collar (government or private employed), blue collar (self-employed, trader, artisan, etc) and unemployed (homemaker, student, retired or unable to find job).
Data analysis
Descriptive data were reported as mean, SD and percentages. Mean group differences for continuous variables by gender were examined by independent t test, and for dichotomous variables by χ 2 statistics. The reliability analyses were performed using two strategies. First, the two-way mixed model (single measure) intraclass correlation coefficient (ICC) with 95% CI between the continuous scores obtained on first and second administration of the Hausa IPAQ-LF was calculated. The ICCs were calculated overall, and by gender and socioeconomic status. ICC estimates >0.75 were considered as good reliability scores, between 0.50 and 0.75 as moderate reliability, and <0.50 as poor reliability. 31 Second, the Bland and Altman Method was used to assess agreement on scores of PA from the first and second administrations. 32 Variables used for the Bland and Altman analysis were weekly time spent in moderate-to-vigorous activity (MVPA), total PA and sitting. MVPA was computed by summing the total min/ week of reported PA of moderate and vigorous intensities across all four domains. For total PA, the total min/week of activities in each domain was summed (total work+total transport+total domestic+total leisuretime min/week scores) to gain an overall estimate of PA in a week. Also, the independent t test and one-way ANOVA were used as appropriate to compare the time spent (min/week) in PA at both administrations across sociodemographic subgroups. To assess construct validity, the non-parametric Spearman correlation coefficients (r) were utilised to explore the relationship between MET-min/week of PA from the Hausa IPAQ-LF, and resting blood pressure and BMI. Data were analysed using Statistical Package for the Social Sciences (SPSS), V.15.0 for Windows (SPSS Inc, Chicago, Illinois, USA) and the level of significance was set at p<0.05.
RESULTS
The sociodemographic characteristic of the participants are shown in table 1. The participants comprised equally of women and men, with a mean age of 35.6±10.3 years and BMI of 23.8±3.9 kg/m 2 . The majority of the participants were married (58.9%, n=106), had more than secondary school education (62.7%, n=111) and were employed (75%, n=117). Compared to men, the women were more likely to be married (71.1% vs 46.7%, p=0.001) and unemployed (52.2% vs 17.8%, p<0.001), but men were more likely to have more than secondary school education (76.7% vs 48.2%, p<0.001). Table 2 shows the test-retest reliability of the modified IPAQ-LF. Overall, reliability coefficients were good (ICC >75) for total PA, occupational PA, active transportation were substantially higher among men than women, reliability coefficients for domestic PA (ICC=0.38, 95%, CI 0.01 to 0.57) and sitting time (ICC=0.71, 95% CI 0.46 to 0.85) were higher among women than men. According to the intensity of PA, ICCs range between 0.61 and 0.82, with the lowest value recorded for moderate intensity (hard) PA and the highest value for vigorous intensity (very hard) PA. The reliability coefficients for walking, moderate-intensity (hard) and vigorous intensity (very hard) activities were substantially greater in men than in women.
Reliability
Similarly, socioeconomic status differences were observed in the reliability coefficients of the modified Figures 1-3 (Bland-Altman plots) illustrate the agreement in the scores (min/week) of total PA, MVPA and sitting between the first and second administrations of Hausa IPAQ-LF. For total PA, the mean difference was 106.7 min/week, with wide 95% limits of agreement (−762.2 to 965.6 min/week). For MVPA, the mean difference was about one and half hours per week (91.6 min/week), and also demonstrating wide 95% limits of agreement (−744.5 to 927.7 min/week). For sitting time, the mean difference was small (26 min/ week) and the 95% limits of agreement ranged from −2178.1 to 2230.9 min/week. Table 4 shows the patterns of PA across sociodemographic subgroups during the first (IPAQ1) and second (IPAQ2) administrations of the modified IPAQ-LF. Overall and across all stratified variables, time spent in PA reported during the first administration tends to be higher than that reported during the second administration. At both time points, men reported significantly ( p<0.05) higher mean time (min/week) in active transportation, occupational PA and leisure-time PA than women. However, women spent significantly ( p<0.001) more time (min/week) in domestic PA than men (IPAQ1=236.9 vs 82.3, IPAQ2=195.5 vs 52.4). For educational status, participants who had lower than secondary school education compared to those with at least secondary school education reported statistically significant higher mean time (min/week) at both time points for total PA, active transport, occupational PA, walking and vigorous intensity activity compared to those with at least secondary school education. While participants who were employed reported statistically significant ( p<0. 
DISCUSSION
This study examined the reliability and an aspect of validity of a modified version of the IPAQ-LF in Nigeria.
The findings generally indicated acceptable test-retest reliability and modest construct validity for items of the modified IPAQ-LF among Nigerian adults. To the best of our knowledge, the present study is the only one to examine the reliability and validity of the long version of IPAQ that has been modified specifically to an indigenous African culture and language. We found evidence for good reliability with high correlations between the test-retest for total PA, occupational PA, active transportation and vigorous intensity activity. Our results show that except for domestic PA and sitting time, ICC values for domains of PA were consistently above 0.70, a level of reproducibility that has been considered acceptably good for IPAQ data. 33 34 Similar to a previous IPAQ-LF study in Hong Kong, 34 domestic activity demonstrated the lowest ICC value in our study. However, it is possible that the infrequent nature of household activities undertaken, especially by men, may account for the low reliability reported for domestic PA in our study. In addition to the traditional African patriarchal norm that makes most African men rarely engage in indoor household activities, men in the high socioeconomic group in Nigeria may also not engage in outdoor domestic activities such as gardening and outdoor home appliances and equipment maintenance, because they are able to employ the services of domestic helpers and repair men. Our findings of lower reliability for domestic activity among men, those with more than secondary school education and those who were employed compared to their counterparts seem to support this assumption. The highest and strongest reliability coefficients (0.82) were found for active transportation as well as vigorous intensity activity. Perhaps active transportation was more stable, consistent and reproducible over time than other PA domains because it is a common and ubiquitous PA behaviour in the African region. Mostly, the performance of active transportation, especially walking, is often out of necessity rather than choice within the African context. Our finding of higher ICC value for vigorous intensity PA is consistent with findings of other studies that found the reliability of vigorous intensity activity to be higher compared to that of moderate intensity activity. 10 30 34 35 Compared to structured vigorous PAs such as sports and exercise, which can be more easily recalled, moderate intensity PA is often of low salience, incidental and may not easily be remembered by people. 36 37 Furthermore, our finding that the reliability of vigorous intensity PA was meaningfully higher among men than women seems to confirm our previous findings with the IPAQ-SF. 21 Plausibly, men in Nigeria are more consistent than women when responding to PA items that pertain to intense vigorous PA than other intensities of activity. Overall, the moderate-to-good evidence of reliability found for all items indicates that the modified IPAQ-LF is reproducible, internally consistent and is promising for research in Nigeria.
Except for sitting time, the limits of agreement in the mean scores of total PA and MVPA between the first and second administrations were wide, suggesting an evidence of bias between administrations. Large differences in PA scores between the two administrations would indicate that at least one of the two measurements is not accurate. However, similar to the finding of a Mexican study, 38 scores on the Hausa IPAQ-LF were consistently lower during the second administration of the questionnaire compared to the first administration. Since familiarity with the IPAQ questions may improve over multiple exposures to the questionnaire, it is possible that participants in our study might have over-reported their PA levels during the first administration of the Hausa IPAQ-LF. These kind of findings may have implications for the utility of IPAQ for surveillance. Generally, due to issues of social desirability phenomenon and over-reporting of PA that has been associated with the IPAQ, 39 40 it may be necessary to start considering the need for multiple measurements when using the IPAQ for evaluating PA, especially in developing African countries. However, patterns of PA as measured by the modified IPAQ-LF during both administrations were consistently similar, and both administrations were able to discriminate PA in the expected direction between subgroups of our sample. For example, at both measurement time points, and consistent with hypothesis, men reported more time in active transportation, occupational PA and leisure PA than women, while women reported more time in domestic PA and sedentary activity than men.
In the absence of objective criterion standards for evaluating an absolute estimate of PA, the consistency of items on IPAQ with variables known to be related to PA, such as BMI, blood pressure, heart rate, indicators of lipid and glucose metabolism, and fitness index have been used as important construct validity measures. 7 10 21 24 In the present study, the correlations of the PA domains and intensities with biological and anthropometric variables were mostly significant in the expected direction, but they were low, suggesting a modest evidence of construct validity for the modified IPAQ-LF in Nigeria. However, observed correlations were comparable with the values in other studies that have evaluated the IPAQ-LF. 5 7 8 24 30 33 39 Since better validity coefficients have been reported for other PA measures above those of the IPAQ, 39 41 with the present African finding, it is possible that the IPAQ-LF only has modest evidence of construct validity. However, our findings on the relationships between PA and biological and anthropometric variables should be interpreted in the light of an important caution. Since hypertensive and obese people may get oriented to exercise, 3 crosssectional associations of PA and blood pressure or BMI could also occur in the opposite direction and may not represent much information as indicators of construct validity of PA measures.
Strengths and limitations
A strength of this study is the systematic adaptation and tailoring of items on the IPAQ-LF to reflect the common PA behaviours of people in Nigeria. This is the first study in an African country to explore the cultural adaptation and translation of the IPAQ-LF, and its findings demonstrated the feasibility of using the IPAQ-LF to reliably collect PA data in a diverse segment of the Nigerian population. In the Africa region, the importance of a valid and established PA scale such as the modified IPAQ-LF is not only important to monitoring the domain in which activity is performed, but also very critical to understanding studies of ecological models of health behaviours that emphasise the importance of multiple levels of influence on health behaviours including PA. 18 42 In Nigeria, emerging evidence from studies using ecological models indicate that favourable built environmental attributes are promising for improving total and moderate-to-vigorous PA and controlling obesity among adults. 26 43-45 However, built environment characteristics are expected to be strongly related to specific PA types rather than overall PA. 46 47 For example, different environmental variables can be related to walking for leisure or transportation and to moderate PA for household, occupation, recreation or transportation. Thus, a study of adaptation of the IPAQ-LF is very important to understanding the domain-specific nature of ecological model research in the African region. One additional strength was the exploration of PA patterns by gender, educational level and employment status, the findings of which were consistent with general hypothesis on social patterns of inactivity in low-income countries. 20 48 However, the findings of this study should be interpreted in the light of some important limitations. Direct comparison of our validity findings with previous studies should be made with caution, because unlike in our study, the accelerometer or PA diary were utilised as a common objective criterion standard to validate the IPAQ in the majority of the studies. 5 7 8 24 30 33 39 Thus, examining the construct validity through the relationships of PA with BMI and resting blood pressure was an important limitation of our study. The choice and availability of appropriate criterion measures are particular issues of concern for the validation of PA questionnaires in low-income countries of Africa. 5 49 50 Despite these issues, the validity coefficients in our study were remarkably similar to those reported in other studies, 5 7 8 24 30 33 39 and the consistency of items on IPAQ with variables known to be related to PA, such as BMI, blood pressure, heart rate, indicators of lipid and glucose metabolism and fitness index have previously been used as important construct validity measures. 7 10 21 24 Another limitation of the study is the use of non-probability sampling technique. The study finding may have limited generalisability to other samples of Nigerians that have different characteristics from this sample. In addition, the majority of participants have more than secondary school education with potentially higher comprehension and recall ability than may be found in the general population. Nevertheless, recruitment from diverse neighbourhoods and settings allowed for a sample with reasonable heterogeneity in age, occupational status and ethnic backgrounds and made it possible to stratify the analyses by sociodemographic characteristics. However, because some of the participants in the present study required assistance to complete the survey, interview administration rather than self-administration of the IPAQ-LF should be encouraged in any future national studies in the African region. Administering the IPAQ through interview has been considered as a viable and preferred option in developing countries. 5 
Conclusions
Overall, the present study suggests that the modified IPAQ-LF demonstrated sufficient evidence of test-retest reliability and may be valid for assessing context specific PA behaviours of adults in Nigeria. Adaptation and criterion evaluation of the IPAQ-LF in other African countries could further contribute to our understanding of the impact of multiple levels of influence on PA behaviours of people in the African region.
